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Description 

CROSS REFERENCE TO COPENDING APPLICATIONS AND PATENTS 

5 [0001 ] Reference is made to commonly assigned copending applications: USSN 08/323,695 (D/93632) filed October 
18, 1994 entitled „CONTROLLABLY CONDUCTIVE POLYMER COMPOSITIONS FOR DEVELOPMENT SYSTEMS", 
which discloses thiophene containing conductive coatings for development apparatus resulting from doping with a tri- 
arylamine cation radical salts; USSN 08/453,108 (D/95058) filed May 30, 1995, entitled DEVELOPING APPARATUS 
AND COATED ROLLER", which discloses conductive coatings resulting from doping with perfluoroacids; and USSN 

70 (D/97457), filed concurrently herewith ( not yet assigned ), entitled ^.PROCESSES OF CONDUCTIVE POLYMER 
COATINGS AND COMPOSITIONS THEREOF". 

[0002] Attention is directed to commonly owned and assigned U.S. Patent No. 5,587,224, issued December 24, 1 996, 
entitled ..DEVELOPING APPARATUS INCLUDING A COATED DEVELOPER ROLLER". 

[0003] The disclosures of each of the aforementioned copending applications and patents are totally incorporated 
is herein by reference. 

BACKGROUND OF THE INVENTION 

[0004] The present invention relates to polymeric coating compositions having controllable, reproducible and stable 

20 electrical conductivity of, for example, about 1.0 to about 10" 12 S/cm or (ohm-cm)" 1 . Certain coating compositions with 
electrical conductivity in the range of about 10~ 8 to about 10~ 10 S/cm are useful antistatic materials or charge relaxation 
materials that may be used in electrophotographic image development systems such as liquid image development sys- 
tems or scavengeless and hybrid scavengeless development systems. The scavengeless development systems do not 
scavenge or interact with a previously toned image, so as to adversely affect image quality, and are important, for exam- 

25 pie, in trilevel and highlight color xerography as disclosed, for example, in U.S. Patent No. 4,078,929. Two-phase con- 
ductive compositions contain dispersions of conductive particles, for example, carbon black or graphite, within 
insulating polymer matrices, for example, dielectric binders such as a phenolic resin or f luoropolymer, which are close 
to the percolation threshold concentration. Such concentration levels allow conductive particle contact, resulting in a 
burst of conductivity, see for example, Brewington et a!., U.S. Patent No. 4,505,573. The dielectric constant of these 

30 overcoatings can range from about 3 to about 5, and preferably is about 3. The desired conductivity is achieved by con- 
trolling the loading of the conductive particles. However, the low conductivity values required for electrophotographic 
image development systems and the large, intrinsic electrical conductivity of carbon black make it extremely difficult to 
achieve predictable and reproducible conductivity values. Very small changes in the loading of conductive particles near 
the percolation threshold can cause dramatic changes in the coating's conductivity. Furthermore, differences in particle 

35 size and shape can cause wide variations in conductivity at even a constant weight loading. Moreover, the percolation 
threshold approach requires relatively high concentrations of conductive particles. At these concentrations, the coatings 
tend to become brittle, wherein the mechanical properties becoming controlled by carbon black rather than the polymer 
matrix. 

[0005] Another approach to conductive coatings is to molecularly dope a polymer matrix with mixtures of a neutral 

40 charge transport molecule and its radical cation or anion. ..Molecular doping" refers to the relatively low amounts of 
dopant added, as compared to carbon black dispersions, to increase the conductivity of the polymer matrix, and sug- 
gests that the resulting mixture, is essentially a solid solution. No chemical bonding occurs between the dopant and the 
charge transport molecule so as to produce a new material or alloy. That is, the polymer matrix is rendered mechani- 
cally stable with a controlled conductivity by molecular doping with dopants such as oxidizing agents. In the presence 

45 of an oxidizing dopant, the partially oxidized charge transport moieties in the charge-transporting polymer act as hole 
carrier sites, which transport positive charges or "holes through the unoxidized charge transport molecules. As an 
example, Mort et al., J. Electronic Materials. 9:41 (1980), disclose the possibil'rty of chemically controlling dark conduc- 
tivity by codoping a polycarbonate with neutral and oxidized species of the same molecule, tri-p-tolylamine, that is, TTA 
and TTA + respectively, where TTA + represents a cation radical salt of TTA. 

so [0006] Coating compositions of the present invention have electrical conductivities in the range of about 1 .0 to about 
10 10 S/cm and are also useful in various applications such as: thin film transistor devices, see Dodabalapur et al., U.S. 
Patent No. 5,574,291, and Tsumura; A. et al., U.S. Patent No. 5,500,537; in electroluminescent devices, EP 686662- 
A2, U.S. Patent Nos. 5,514,878, and 5,609,970, and A. J. Heeger, „ Self-assembled Networks of Conducting polyaniline" 
in Trends in Polymer Science . 3, 39-47, 1995); in liquid crystal displays, U.S. Patent Nos. 5,619,357 and 5,498,762; in 

55 electrochromic devices, U.S. Patent Nos. 5,500,759, and 5,413,739; in photochromic devices, U.S. Patent No. 
5,604,626; in rechargeable batteries, U.S. Patent Nos. 4,987,042 and 4,959,430; in secondary cells, U.S. Patent Nos. 
5,462,566 and 5,460,905; in electrochemical capacitors, U.S. Patent Nos. 5,527,640, 4,910,645, 5,442,197 and 
5,626,729; in photovoltaic cells, U.S. Patent No. 5,482,570; in photodetectors, U.S. Patent No. 5,523,555; in photosen- 
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sitive imaging member, U.S. Patent Nos. 5,616,440 and 5,389,477; in photographic coatings, U.S. Patent No. 
5,443,944; in formation of conductive polymer patterns, U.S. Patent No. 5,561,030; in electroplating, U.S. Patent Nos. 
5,415,762, 5,575,898 and 5,403,467; in laser applications, Katulin, V. A. et al., Sov. J. Quantum Electron.. 14, 74-77 
(1984), Hide et al., Science 273. 1833, (1996); and Tessler, et al., Nature. 382, 695 (1996); in polymer grid triodes, U.S. 
5 Patent No. 5,563,424; in anticorrosion coatings, U.S. Patent Nos. 5,532,025 and 5,441,772; in ferromagnetic or high 
magnetic spin coatings, Shiomi et al., Synthetic Metals. 85, 1721-1722 (1997), and references cited therein. The dis- 
closures of the aforementioned references are totally incorporated herein by reference. 

PRIOR ART 

10 

[0007] Limburg et al., U.S. Patent No. 4,338,222, disclose an electrically conducting, three-component composition 
comprising: a polymer matrix; an organic hole transport compound, particularly tetraaryl diamines, and oxidized spe- 
cies of the same molecule, which is the reaction product of the organic hole transport compound and an oxidizing agent 
capable of accepting one electron from the hole transport compound. Representative coatings of this invention were 
75 found to be electrically and mechanically unstable under ambient conditions, for example, ferric chloride doped coatings 
were very br ittle with unstable conductivity. 

[0008] Hays et al., U.S. Patent Nos. 5,300,339 and 5,448,342 disclose an overcoating comprising at least three con- 
stituents: a charge transport compound, particularly an aryl diamine, a polymer binder, particularly a polycarbonate or 
a polyethercarbonate, and an oxidizing agent. The coatings in these patents are believed to be based on the composi- 

20 tion disclosed in U.S. Patent No. 4,338,222, and representative coatings were found to be unstable electrically and 
mechanically under ambient condition, for example, coatings were very brittle with unstable conductivity. 
[0009] Hays et al., U.S. Patent No. 5,386,277, discloses an overcoating comprising two constituents: a charge trans- 
port polyme- with tetraaryl diamine units contained in the main chain and an oxidant. Representative coatings were 
found to be unstable electrically and mechanically under ambient condition, for example, ferric chloride doped coatings 

25 were very brittle with unstable conductivity. 

[0010] Hsieh et al., U.S. Patent No. 5,587,224 discloses the use of photoacids as photooxidants for overcoating with 
two or three constituents. Representative coatings of this invention were found to be stable electrically and mechani- 
cally under ambient conditions. However, the electrical properties of the coatings were not stable under elevated tem- 
perature and elevated humidity conditions. 

30 [0011] Fukushima et al., U.S. Patent No. 5,549,851, discloses conductive coatings with three constituents: an aryl 
amine charge transport molecule, polysilane binder and an oxidant. Polysilane binders are known to decompose upon 
light exposure. It is also particularly difficult to prepare thick coating films of polysilanes, for example, about 30 micron. 
Representative coatings were found to be unstable electrically and mechanically under ambient condition, for example, 
ferric chloride doped coatings were very brittle with unstable conductivity. 

35 [001 2] The disclosures of each of the aforementioned patents are totally incorporated herein by reference. 

SUMMARY OF THE INVENTION 

[0013] Embodiments of the present invention, include: 

40 

overcoming, or minimizing deficiencies of prior art compositions and processes, by, for example, proving composi- 
tions with superior stability properties; 

providing conductive polymer coating compositions comprising an arylamine charge transport molecule, an oxi- 
dized form of an arylamine charge transport molecule, and a polymer binder, and optionally containing alkaline 
45 anti-conosion additives and voltage stabilizing additives; 

providing a printing machine comprising an imaging member comprised of the aforementioned conductive polymer 
coating as illustrated herein; 

providing a simple manufacturing process for the preparation of conductive coatings; 

providing conductive coatings with stable conductivity under a wide range of environmental conditions, for example, 
so conductive coatings with controlled and reproducible conductivity in the range of about 1.0 S/cm to about 10" 12 
S/cm; 

providing conductive coatings with controlled conductivity which conductivity is not limited by percolation; and 
providing pinhole free conductive coatings with high dielectric strength, with high mechanical stability and wear 
resistance, with controlled conductivity, with low surface energy, and which coatings can protect metal substrates 
55 from oxi< Nation or corrosion, for the aforementioned device applications. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0014] The present invention provides electrically and mechanically stable conductive polymer coatings comprising 
an arylamine charge transport compound, an oxidized arylamine charge transport compound salt, and a polymer 

5 binder. In embodiments, the oxidized arylamine charge transport compound salt comprises the oxidation product aris- 
ing from the self-same arylamine charge transport compound. In other embodiments, the oxidized arylamine charge 
transport compound salt is formed from a compound other than the arylamine charge transport compound. 
[0015] The oxidized arylamine charge transport compound salt, in embodiments, can be formed in situ from the 
arylamine charge transport compound. Alternatively, the oxidized arylamine charge transport compound salt can be 

w formed ex situ trom the arylamine charge transport compound or from a different arylamine charge transport com- 
pound. 

[001 6] The o> idized arylamine charge transport compound salt comprises an oxidized form of an arylamine charge 
transport compound and a counter ion, for example, hexafluoroantimonate and hexafluoroarsenate, which hexafluoro- 
salts are preferred counter anions. 

15 [0017] Preferred arylamine charge transport molecules, either monomolecular or as incorporated into polymeric 
structures, are |3ara-substituted arylamine charge transport compounds. Oxidation of the transport molecule can be 
accomplished by known chemical oxidizing reagents or can be an oxidation process accomplished, for example, chem- 
ically, photochemically, or electrochemically. Oxidizing compounds can be, for example, known chemical oxidants 
including ionic salts, Bronsted acids, halogens, Lewis acids, and mixtures thereof. Ionic salts include AgSbF 6 , AgAsF 6 , 

20 AgPF 6 , AgBF 4 , AgBr, Agl, AgF, AgCI, 0 2 SbF 6 , 0 2 AsF 6 , NOSbF 6 , NOAsF 6 , N0 2 SbF 5 , N0 2 AsF 6 , 
(CH 3 CH2)0 + (CF 3 S0 3 )Ar, (CH 3 CH 2 )0 + (CF 3 S0 3 )Ga-, (CH 3 CH 2 )0 + (CF 3 S0 3 )B*, CH 3 (C=0) + (CF 3 S0 3 )Ar, and the like, 
and mixtures thereof. Brensted acids include sulfonic acids, phosphoric acids, carboxylic acids, and the like, and mix- 
tures thereof. Lswis acids include for example, AICI 3 , GaCI 3 , SnCI 4 , BF 3 , FeCI 3 , AsF 3 , SnCI 4 , ZrCI 4 , ZnCI 2 , TiCI 4 , 
AuCI 3 , CuCI 2 , VCI 3 , lnCI 3 , TaCI 5 , SbF 5 , and the like, and mixtures thereof. The oxidant can be a sublimable material, 

25 such as, 0 2 SbF 3 , 0 2 SbF 6 , 0 2 AsF 6 , NOSbF 6 , NOAsF 6 , Lewis acids, carboxylic acids, squaric acids, quinones, quinone 
dimethanes, carbon 60 cage and related fulierane compounds, and mixtures thereof. Photo-oxidants include, for exam- 
ple, diphenyiiodonium salts and diarylsuffonium salts. 

[0018] The conductive coatings of the present invention have conductivities of about 10" 12 to about 1.0 S/cm, which 
conductivity is controlled by the concentrations of the oxidant and the charge transport units contained in the coatings. 

30 The conductive coatings of the present invention using, for example, the aforementioned oxidants exhibited excellent 
electrical stability compared to conductive coatings prepared with other oxidants and as illustrated herein. The conduc- 
tive polymer coatings, in embodiments of the present invention, have electrical conductivities and mechanical stabilities 
that can be retained or maintained for an extended time, for example, from about 8 to about 10 weeks at a temperature 
of, for example, about 85 to about 100 °C and in a relative humidity of about 50 to about 100 percent. 

35 [0019] In embodiments, the coating compositions can additionally include optional additives such as an alkaline anti- 
corrosion additive, and a voltage stabilizing additive. Examples of alkaline anti-corrosion additive include, heterocyclic 
compounds with at least one nitrogen heteroatom, metal locene compounds, and mixtures thereof, for example, 2-(4- 
biphenylyl)-5,6-phenyl oxazole, 1,4-dichlorophthalazine, 1 -phenyl pyrazole, di-pyridyl anthracenes, 1 -phenyl-imidazole, 
3-methyl-1-pheriyl-pyrazole, 2A6-triphenyM ,3.5-triazine, 2,6-di-t-butylpyridine, 4,7-diphenyl-1,10-phenanthroline, 2,6- 

40 bis(chloromethyl)pyridine, 2,5<liphenyl oxazole, 2,4,6-triphenoxy-1,3,5-triazine, 8-hydroxyquinoline aluminum, fer- 
rocene, mixtures thereof, and the like. Many of the aforementioned heterocylic compounds are known electron trans- 
port materials. 

[0020] Examples of voltage stabilizing additives include substituted aromatic hydrocarbons of the formula Ar(X) n 
wherein Ar is an aryl group with, for example, from 6 to 24 carbon atoms, X is a substituent selected from the group 

45 consisting of - H, -F, -Br, -CI, -I, -N0 2 , -S0 2 -R, wherein R is alkyl group with from 1 to about 20 carbon atoms or an aryl 
group with from 6 to about 24 carbon atoms, and n is an integer from 1 to about 20, such as known aromatic hydrocar- 
bon compounds;, halogenated aromatic compounds, nitro aromatic compounds, sulfone aromatic compounds, cyano 
aromatic compounds, and mixtures thereof, for example, naphthalene, anthracene, phenanthrene, pyrene, 1,4-dichlo- 
ronaphthalene, nitroanthracenes, 4,4 , -dibromobiphenyl, 4-nitrobiphenyl,. cyanobiphenyl, 2-nitroaniline, 9,10'<Jibro- 

50 moanthracene, benzophenone, diphenylsulfone, o-quinones, p-quinones, tetracyanoquinondimethane, 1,1'- 
biquinones, 9-dicyanomethylene fluorene, mixtures thereof, and the like. 

[0021] Inert polymer binder materials include, but are not limited to solvent processable and mett processable ther- 
moplastics and elastomeric thermoplastics such as polystyrenes, polycarbonates, polyesters, polyimides, poly- 
urethanes, polysulfones, polyethersulfones, polyether ketones, polyamides, and the like, and their copolymers and 
55 polymer blends. 

[0022] The polymer binder, in embodiments, can be an inert polymer, one or more, for example up to about 5, charge 
transport polymBr, and mixtures thereof, and selected in an amount of about 30 to about 80 weight percent of the total 
weight of the coating. When the polymer binder selected is a polymeric charge transport compound examples thereof 
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include polyvinylcarbazoles, polythiophenes, pol/siianes, polyanilines, poly(phenylene vinylenes). polyphenylenes, 
poly (phenyl ene sulfides), polyanilines, poly(phenylene sulfide phenylenamine), copolymers thereof containing triar- 
ylamine charge transport groups, and mixtures thereof. In a preferred embodiment, the arylamine charge transport 
compound is a para-substituted arylamine charge transport material, including polymers having para-substituted 

5 arylamine charge transport molecules molecularly doped therein, for example, in amounts of from about 20 to about 70 
weight percent based on the total weight of the coating, and charge transport polymers containing para-substituted 
arylamine groups, that is, covalentiy bound arylamine groups in a main or pendant polymer chain, and mixtures thereof. 
[0023] The charge transport polymers include but are not limited to polyvinylcarbazoles, polythiophenes, polysilanes, 
polyanilines, poly(phenylene vinylenes), polyphenylenes, poly(phenylene sulfides), polyanilines, poly(phenylene sulfide 

10 phenylenamine), and polymers containing arylamine charge transport groups. The arylamine charge transport com- 
pound is preferably a para-substituted arylamine charge transport material selected from the group of para-substituted 
arylamine charge transport compounds, molecularly doped polymers having para-substituted arylamine charge trans- 
port molecules, charge transport polymers containing para-substituted arylamine groups, and mixtures thereof. 
[0024] Tho arylamine charge transport compound can be of the alternative formulas: 

15 



20 



25 




wherein Ar, Ar\ and Ar" are independently selected from unsubstituted and substituted aromatic groups with from 6 to 
30 about 30 ca'bon atoms, for example, phenyl, 3-methylphenyl, 4-methylphenyl, 3,4-dimethylphenyl, 4-ethylphenyl, 4-t- 
butylphenyl, 4-methoxyphenyl, 4-bromophenyl, 4-chlorophenyl, 3-iodophenyl, 4-flourophenyl, 4-phenylphenyl, 2-naph- 
thyl, 1-naphlhyl, and the like, and mixtures thereof, and R 1( R 2 , R 3 . R-|', R 2 \ and R 3 ' are independently selected from 
the group consisting of hydrogen, bromine, chlorine, fluorine, alkyl groups with from 1 to about 24 carbon atoms, and 
alkoxy groups with from 1 to about 24 carbon atoms, Z is selected from the atoms O. S, Se, or a substituent -CH 2 -, G 
35 is an alkaline group with 1 to about 1 2 carbon atoms or a group selected from the partial formulas: 



40 




45 



50 



55 
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wherein n' is an integer of from 1 to about 12, and R and R' are atkyl groups with, for example, 1 to about 12 carbon 
atoms. 

[0025] The sirylamine charge transport compound can include the following arylamine compounds and mixtures 
thereof, 

a) aryldiamme compounds of the formula: 
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Ar R R 2 



wherein Ar is a substituted or unsubstituted aromatic group, for example, phenyl, 3-methylphenyl, 4-methylphenyl, 
3,4<iimethylphenyl, 4-ethylphenyl, 4-t-butylphenyl, 4-methoxyphenyl, 4-bromophenyl, 4-chlorophenyl, 3-iodophe- 
nyl, 4-flourophenyl, 4-phenylphenyl, 2-naphthyl, 1-naphthyl t and the like, and mixtures thereof, Ri, R2 and R 3 are 
independently selected from the group consisting of hydrogen, bromine, chlorine, fluorine, alkyl groups with from 1 
to about 24 carbon atoms, such as methyl, ethyl, butyl, isobutyl, and the like, and alkoxy groups with from 1 to about 
24 carbon atoms, such as methoxy, ethoxy, isobutoxy, and the like, and Z is selected from an atom O, S, Se, or a 
methylene substituent -CH 2 -; 
b) aryrtriamines compounds of the formula: 
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wherein Ar and Ar' are independently selected from substituted and unsubstituted aromatic groups, R is selected 
from hydrogen, phenyl containing 6 to about 20 carbon atoms and alky! groups containing 1 to about 12 carbon 
atoms, such as methyl, ethyl, butyl, isobutyl, and the like, and wherein i and j are integers from 1 to about 2; 
c) aryltetrasimines compounds of the formula: 




Ar^Af 




8 




wherein Ar, Ar', and Ar" are independently selected from substituted and unsubstituted aromatic groups with from 
6 to about 20 carbon atoms, p-Ar and p-Ar' are independently selected from para-substituted aromatic groups with 
from 6 to about 20 carbon atoms, R is selected from hydrogen, phenyl with from 6 to about 20 carbon atoms and 
alkyl groups containing 1 to about 12 carbon atoms, such as methyl, ethyl, butyl isobutyl and the like, i, j, and k are 
integers 1 or 2, Q is an alkaline group with 1 to about 12 carbon atoms or a group selected from the partial formulas: 

■tot -d & <£o xxx 96 
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CH 3 jf 




and 



wherein n' i:> an integer from 1 to about 12, and R and R' are alkyl groups with 1 to about 12 carbon atoms; 
d) arylperrts amines compounds of the formula: 



wherein Ar, Ar', Ar", and AT are independently selected from substituted and unsubstituted aromatic groups with 
from 6 to about 20 carbon atoms, and i, j, k, and I are integers of 1 or 2; and 
e) arylhexaiimines compounds of the formula: 
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and 



wherein Ar and Ar' are independently selected from substituted and unsubstituted aromatic groups with from 6 to 
about 20 carbon atoms, p-Ar and p-Ar' are para-substituted aromatic groups with from 6 to about 20 carbon atoms, 
i, j, and l< are integers of 1 or 2, G is a alkaline group with 1 to about 12 carbon atoms or an aromatic group selected 
from the! formulas: 




EP 0 910 099 A1 



-0*0- -O-O- W OM^rO- 




R R 



9 9 ^ ®P 

and 



wherein n' is an integer from 1 to about 12, and R and R' are alkyl groups with 1 to about 12 carbon atoms, such 
as methyl, ethyl, butyl, isobutyl, and the like. 

[0026] The aryiamine charge transport compound can be para-substituted triarylamine compounds with at least one 
of the para-substituted molecular segments selected from the partial formulas: 




and 



wherein R 1 is sheeted from the group consisting of bromine, chlorine, fluorine, alkyl groups with from 1 to about 24 car- 
bon atoms, such as methyl, ethyl, butyl, isobutyl, and the like, and alkoxy groups with from 1 to about 24 carbon atoms, 
such as methoxy, ethoxy, butoxy, isobutoxy, and the like, R 2 and R 3 are independently selected from the group consist- 
ing of hydrogen, bromine, chlorine, fluorine, alkyl groups with from 1 to about 24 carbon atoms, such as methyl, ethyl, 
butyl, isobutyl, and the like, and alkoxy groups with from 1 to about 24 carbon atoms, such as methoxy, ethoxy, butoxy, 
isobutoxy, and the like, and Z is an atom of O, S, Se, or a methylene substituent -CH 2 -. 

[0027] A preferred charge transport polymer, in embodiments, is selected from polymers that contain a para-substi- 
tuted aryldiamine unit of the formula: 
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wherein R 1 is selected from the group consisting of bromine, chlorine, fluorine, alkyl groups containing from 1 to about 
24 carbon a:oms, such as methyl, ethyl, butyl, isobutyl, and the like, and alkoxy groups containing from 1 to about 24 
carbon atoms, such as methoxy, ethoxy, butoxy, isobutoxy, and the like, R 2 and R 3 are independently selected from the 
group consisting of hydrogen, bromine, chlorine, fluorine, alkyl groups containing from 1 to about 24 carbon atoms, 
such as metlyl, ethyl, butyl, isobutyl, cyclohexyl, and the like, and alkoxy groups containing from 1 to about 24 carbon 
atoms, such as methoxy, ethoxy, butoxy, isobutoxy, and the like, G is selected from the group consisting of alkaline 
groups of 1 1o 12 carbon atoms and of the formulas: 
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and 



wherein n' is an integer from 1 to about 12, and R and R' are alkyl groups with 1 to about 12 carbon atoms, such 
methyl, ethyl, bLityl, isobutyl, cyclohexyl, and the like. 

[0028] A preferred para-substituted arytamine charge transport compound is of the formula: 
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H 3 < 




PH3 



H 3 C 



CH3 



wherein the oxidized form of the para-substituted arylamine charge transport compound results from photo-oxidation 
with photo-oxidants such as diphenyliodonium sate and diarylsulfonium salts. 

[0029] The present invention provides conductive polymer coatings comprising a para-substituted arylamine charge 
transport compound, and an oxidization product of the para-substituted arylamine charge transport compound and an 
oxidizing agent or salt. The coating composition can further comprise optional additives, such as, an alkaline anti-cor- 
rosion compound, a voltage stabilizing compound, and a polymer binder. 

[0030] In embodiments, the coatings provided are useful in various charge transport and electron transport applica- 
tions and devices, for example, as a thin film electrode or contact modification layer in electroluminescent devices to 
facilitate charge injection. 

[0031] The present invention provides a process for the preparation of a conductive polymer coating comprising: 

mixing an arylamine charge transport molecule, and oxidant, optional additives and a polymer binder in a solvent, 
preferably until complete solubilization of the polymer is achieved, to produce a coating mixture; 
depositing the conductive polymer coating solution mixture on a substrate, for example, by spin coating, flow coat- 
ing, spray coating, dip coating, web coating and the like; and 
drying the coated substrate, for example, at from about 25 to 150 °C. 

[0032] The preparative process is preferably accomplished by removing any precipitated particles arising from, for 
example, the reaction of the oxidant and the arylamine charge transport molecule in the coating mixture, and thereafter 
dissolving a polymer binder and optional additives in the coating solution to provide a coating solution that is free of par- 
ticulate matter. The coatings can have a thickness of, for example, from about 0.01 cm to about 0.5 cm, and conductiv- 
ities of from about 1 0" 12 to about 1 00.0 S/cm and which conductivity is highly stable over a broad relative humidity range 
of from about 0 to about 100 percent. The improved conductivity stability is maintained, for example, from about 60 to 
about 90 days, at substantially higher temperatures, and at higher humidity values compared to control materials and 
as illustrated herein. The improved conductivity and humidity stability performance represent a stability improvements, 
for example, from about 4 to about 8 fold. 

[0033] In alternative embodiments, the preparative process can be accomplished by mixing the components of the 
composition in an extruder for achieving uniform mixing and dispersion followed by a coating step as illustrated herein. 
[0034] Tha invention will further be illustrated in the following non limiting Examples, it being understood that these 
Examples are intended to be illustrative only and that the invention is not intended to be limited to the materials, condi- 
tions, process parameters, and the like, recited herein. Parts and percentages are by weight unless otherwise indicated. 
[0035] In the following examples the following four representative charge transport molecules were used: 

N.N'-diphenyl-N.N'-di-Cm-tolylJ-fl.r-biphenyO^.^-diamine, hereinafter referred to as m-TPD; 
N.N'-diphenyl-N.N'-diCp-tolyO-Cl.r-biphenylJ^.^-diamine, hereinafter referred to as p-TPD; 
N, N'-di p-tolyl-N.N'-p-ethylphenyl-I.V-biphenyl^.^-diamine, hereinafter referred to p-DE-TPD; and 
N, N, N\ N*-tetra-p-tolyl-(1,1'-biphenyl)-4,4 , -diamine, hereinafter referred to as TM-TPD. 

[0036] Both m-TPD and p-TPD are commercially available from H.W. Sands Corp. as Catalogue Nos. ST16/1 and 
ST16/3, respectively. The synthesis of TM-TPD is given in Example 1. p-DE-TPD was also analogously prepared 
according to the procedure given in Example 1. Silver trifluoroacetate (AgTFA), iodine (I2), bis(p-t-butylphenyl)iodo- 
nium hexafluoroarsenate, hereinafter referred to as photoacid, silver hexafluoroantimonate (AgSbF 6 ), nitrosonium hex- 
afluoroantirronate (NOSbF 6 ) were used as oxidants. The synthesis of the photoacid is disclosed, for example, in the 
U.S. Patent No. 5,587,224, while the other oxidants are commercially available. Polymer binders include MAKROLON® 
a polyester commercially available from Bayer Corp. and PCZ-200 a polycarbonate derived from bisphenol Z, and is 



15 



EP 0 910 099 A1 



commercially available from Mitsubishi Chemical Corp. 
EXAMPLE j 

Preparation of N, N, N', N'-tetra-p-tolyl-biphenyldiamine (TM-TPD): 

[0037] Synthesis of 4'-methyacetanilide: Into three neck round bottom flask (5 L) equipped with a mechanical stir- 
rer, a condenser, and an addition funnel, were added p-toluidine (995 g, 9.3 mol) and hexanes (1 .6 L). Acetic anhydride 
(960 ml_, 10.2 mol) was added dropwise for 2 h enough to reflux, then refluxed for 1 h and cooled to room temperature 
to give a brown solid. This was collected by suction filtration, transferred into a beaker, and washed with water (2 L) for 
30 min. The filtration and washing procedures were repeated. The wet white crystals were air dried for 7 days to provide 
N-(4-methylphenyl)acetamide (1,343 g, 97% yield). Melting point: 150-152 °C. ( lit. 153 °C. Merck index. 11, 67; ). 
[0038] Synthesis of N,N-Di-p-tolylamine: To a round bottom flask (3L) equipped with a condenser a Dean-Stark 
trap, a mechanical stirrer, and an argon-outlet with a thermometer, was added 4'-methylacetanilide (448 g, 3.0 mol), 4- 
iodotoluene (74(3 g, 3.4 mol, from Aldrich), potassium carbonate (830 g, 6.0 mol), copper sulfate (20 g), and toluene (50 
ml_). The reaction mixture was heated at 210 °C for 24 hours in an oil bath. The resulting solution was decanted to a 
round bottom flask (5 L) and the remaining solid was washed with hot ethanol (3 x 500). To the combined mixtures were 
added potassium hydroxide (340 g) and water (400 mL) and then refluxed for 24 h. To resulting solution was added con- 
centrated HCI (400 mL) dropwise followed by toluene (1 ,000 mL). The mixture was refluxed for 10 min. The hot organic 
layer (top) was separated, washed with a hot water (500 mL x 2), and concentrated under reduced pressure. The result- 
ing solid was recrystallized from the mixture of toluene (1 00 mL) and hexanes (700 mL). The obtained wet crystals were 
ground with a mortar and pestle, filtered, washed with hexanes (100 mL), and dried in air for 24 hours to give brown 
crystals (360 g, 6 mol). The filtrate was concentrated under reduced pressure and recrystallized from the mixture of tol- 
uene (20 mL) and hexanes (150 mL) to give a brown solid (120 g, second crop). The combined solid was distilled at 165 
oC and 1 Torr to give a white solid (445 g) while the forerun first portion (15 g, distilled at 65-80 °C and 1 Torr) was dis- 
carded. The white solid was recrystallized from hexanes (500 mL) to give a white solid (422 g, 71% yield). Melting point: 
80-82 °C (lit. 79'°°C, TCI catalog ) 1 H-NMR (CDCI 3 ): 7.04 (d, 4H), 6.93 (d, 4H), 5.45 (s, br, 1H), 2.33 (s, 6H ) ppm. Note 
that when iodotoluenes from Oakwood Product Inc., or Charkit Chemical Inc., were used, the above reaction was very 
slow. Three port ions of CuS0 4 (50 g) was added every 1 0 hours and the reaction was completed in 40 hours (over 95% 
conversion of 4-methylacetanilide). During work-up after hydrolysis, suction filtration was required to remove copper 
residues. 

[0039] Synthesis of N, N, N', N -tetra-p-tolyl-(l ,1 '-biphenylM,4'-diamine (TM-TPD): To a round bottom flask (5 L) 
equipped with a condenser a Dean-Stark trap, a mechanical stirrer, and an argon-outlet with a thermometer, was added 
4,4 , -diiodobiphenyl (DIB, 406 g, 1.0 mol), N.N-di-p-tolylamine (417 g, 2.1 mol), potassium hydroxide (448 g. 8.0 mol), 
and toluene (300 mL). After adding 1 , 1 0-phenanthroline (9.0 g) and CuCI (1 .5 g) at 1 30 oC, the mixture was vigorously 
refluxed at 137 'C. After adding another portion of CuCI (3.5g), a very exothermic reaction occurred. The reaction mix- 
ture was further heated at 130 °C for 4 hours. To the reaction mixture, was added water (400 mL), toluene (400 mL), 
and acetic acid (400 mL). The resulting solution was washed with water (2 L) by gentle swirling in a 6 L separatory fun- 
nel and the top layer was separated and collected. The aqueous layer was suction-filtered and residue was washed with 
toluene (300 mL) and top layer was separated. After combining organic layers, the washing process was repeated once 
again. The dark organic solution was concentrated under reduced pressure and the resulting solution was chilled in 
freezer for 1 hour to yield a brown solid. After filtering, the brown solid was washed with acetone (3 x 400 mL) and dried 
in oven at 45 °C and 10 Torr. To a round bottom flask (2 L) equipped with a condenser, a mechanical stirrer, an argon- 
outlet with a thermometer, and heating mantle was charged the crude product (350 g) and a neutral alumina (200 g) 
and toluene (1 _). The mixture was heated at 90 °C for 2.5 hour. The resulting yellow solution was filtered through a 
preheated Buchner funnel. The residue on alumina was extracted with hot toluene (350 mL x 2) and the organic layers 
combined. After concentrating the combined yellow solution in vacuo, the resulting pale yellow solid (350 g) and ace- 
tone (400 g) we'e heated at 60 °C and stirred at 23 °C for 15 hour under argon to give a pale yellow solid. After filtering, 
washing with acetone (200 mL x 3), and drying under reduced pressure for 1 6 hours, a pure TM-TPD (306 g, 56% yield) 
was obtained. Melting point: 217-219 °C; 1 H-NMR (CDCI 3 ): 7.39 (d, 4H), 7.07-7.00 (m, 20H), 2.31 (s, 12H) ppm. 

EXAMPLE II 

[0040] This example describes the preparation of coating solution with different compositions. 
Preparation of coating solution using AgSbF g as the oxidant with filtration: 

[0041] m-TPl) (32.0 g) and methylene chloride (544 g) were magnetically stirred in a 500 mL bottle until complete 
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solubilization of m-TPD. AgSbF 6 , in an amount of 1 .6 g, 0.5 weight percent with respect to m-TPD as then added. The 
resulting solution was stirred for 1 6 hours and the resulting solution was allowed to stand for at least two hours to settle 
the silver precipitate and used as the stock solution. Alternatively, the silver precipitate can be removed by filtration. Into 
a 2 ounce bottle was added a portion of the stock solution (72.0 g) and MAKROLON 5705 (7.5 g) and the mixture was 
shaken for 5 hour to dissolve the MAKROLON and to give a coating solution with the following solid weight percerrts: 
MAKROLON (65%), m-TPD (35%) and AgSbF 6 in an amount of 5 weight percent with respect to m-TPD. The same 
stock solution was used to formulate another coating solution as follow: into a 2 ounce bottle was added a portion of the 
stock solution (72.0 g), MAKROLON 5705 (7.5 g) and 2-(4-biphenylyl)-5-phenyloxazole (0.12 g) as a anticorrosion addi- 
tive, and the mixture was shaken for 5 hour to dissolve the MAKROLON and to give a coating solution with the following 
solid weight percents: MAKROLON (65%), m-TPD (35%), AgSbF 6 in an amount of 5 weight percent with respect to m- 
TPD, and 2-(4-biphenylyl)-5-phenyloxazole in an amount of 3 weight percent with respect m-TPD. 
[0042] m-TPD (16.0 g) and chlorobenzene (229 g) were magnetically stirred in a 250 mL bottle until complete solubi- 
lization of m-TPD. AgSbF 6 in an amount of 0.8 g, 0.5 weight percent with respect to m-TPD, was added. The resulting 
solution was stirred 16 hours. The resulting solution was allowed to stand for at least two hours to settle the silver pre- 
cipitate and used as the stock solution. Into a 2 ounce bottle was added portion of the stock solution (61 .5 g) and PCZ 
200 ( polycarbonate Z, 7.5 g), and the mixture was shaken for 5 hours to dissolve the MAKROLON and to give a coating 
solution with the following solid weight percents: PCZ 200 (65%), m-TPD (35%) and AgSbF 6 in an amount of 5% with 
respect to m-TPD. 

[0043] Coating solutions using other charge transport molecules, polymer binders, solvents, and/or anticorrossion 
additives at different weight percents were similarly prepared. 

[0044] Pr eparation of coating solution using AgSbFg as the oxidant without removing silver: a mixture of m- 
TPD (4.0 g) MAKROLON (7.44 g), AgSbF 6 (0.08 g) and methylene chloride (68 g) in an amber bottle was roll milled 
until complete solubilization of the polymer to give a coating solution with the following solid weight percents: Makrolon 
(65%), m-TPD (35%) and AgSbF 6 in an amount of 2 weight percent with respect to m-TPD. 

[0045] Pr eparation off coating solution using NOSbF £ as the oxidant: Into a 500 mL flask equipped with a con- 
denser, a magnetic stirrer and a drying tube were added m-TPD (40.0 g) and methylene chloride (425 g). The mixture 
was stirred until m-TPD was dissolved and NOSbF 6 (2.0 g) was then added. The resulting solution was stirred overnight 
and transferred into a 500 mL narrow neck bottle to give a stock solution. Into a 4 ounce bottle was added portion of the 
stock solutio n (93.4 g) and MAKROLON 3108 (15 g) and the mixture was shaken for 19 hours to dissolve the MAKRO- 
LON and to give a coating solution with the following solid weight percents: MAKROLON (65%), m-TPD (35%) and 
AgSbF 6 in an amount of 5 weight percent with respect to m-TPD. A portion of this solution (93.4 g) and MAKROLON 
3108 (15.0 g) were shaken 

[0046] Preparation of coating solution using a photoacid as the oxidant: Into a 2 ounce bottle was added m-TPD 
(4.0 g), MAKROLON 31 08 (7.44 g), photoacid (0.08 g, 2 weight percent with respect to m-TPD, dioctyl phthalate (0.074 
g, as a plasticizer), and methylene chloride (68 g). The mixture was shaken for 20 hours to give a coating solution with 
the following solid weight percents: m-TPD (35%), MAKROLON 3108 (65%), photoacid (2%), dioctyl phthalate (in an 
amount of 1 weight percent with respect to MAKROLON). 

[0047] Into a 2 ounce bottle was added m-TPD (4.0 g), MAKROLON 3108 (7.44 g), photoacid (0.08 g, 2 weight per- 
cent with respect to m-TPD), polyester PE 200 from DuPont (0.074 g, as the voltage stabilizer), and methylene chloride 
(68 g). The mixture was shaken for 20 hours to give a coating solution with the following solid weight percents: m-TPD 
(35%), MAKROLON 3108 (65%), photoacid (2%), and PE 200 (in an amount of 1 weight percent with respect to 
MAKROLON). 

[0048] Into a 2 ounce bottle was added m-TPD (4.0 g), MAKROLON 3108 (7.44 g), photoacid (0.08 g, 2 weight per- 
cent with reject to m-TPD), polysiloxane fluid (0.074 g, as a low surface energy additive), and methylene chloride (68 
g). The mixure was shaken for 20 hours to give a coating solution with the following solid weight percents: m-TPD 
(35%), MAKROLON 3108 (65%), photoacid (2%), polysiloxane fluid (in an amount of 1 weight percent with respect to 
MAKROLON). 

EXAMPLE I II 

[0049] Coating Deposition: MYLAR (75 microns) substrates with titanium coatings of about 200 to 300 Angstroms 
were from ICI Inc. Substrates were overcoated with a silane blocking layer (200 to 500 Angstroms derived from 2-ami- 
noisopropyllriethoxylsilane) and then an adhesive layer (200 to 500 Angstroms) of 49K polyester (from DuPont). The 
resulting substrates were used for depositing the conductive coatings using a Gardner mechanical driven film applicator 
which is enclosed in a plexiglass box. A substrate was placed on the vacuum plate of the Gardner coater and a size 
0.004 Bird film applicator was placed on top of the substrate then coated with a conductive polymer layer using a coat- 
ing solution prepared as described in Example II. The resulting coating was air dried for 1 hour and then dried in a 
forced air oven at 1 25 °C for 30 min to give a coating with a thickness of about 20-25 microns. In the case of photoacid 
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coatings, UV exposure for 99 seconds was needed to induce the conductivity in the coatings. 
[0050] Time Constant Measurements: An Electrodag electrode was painted on the sample for charge relaxation 
time measurement which involved applying a pulsed voltage to the sample between electrodes. It is generally known to 
those of ordinary skill in the art that the charge relaxation time constant is inversely proportional to the conductivity. 
Table 1 shows a series of m-TPD/MAKROLON (35/65) coatings and various oxidants and additives. All the coatings 
were deposited from mefriylene chloride. The weight percents of the oxidant and additives with respect to the charge 
transport molecule are also given. All the samples were stress tested in an environmental chamber of 85 % relative 
humidity (RH) and 50 °C. The time constants of the samples were measured at different time intervals to determine the 
electrical stabilhy of the coatings. As shown in Table 1 , the charge relaxation time constants for samples 1 through 8 
increase at least by a factor of 3 with respect to their respective initial values after 1 week of stress test. This indicates 
that the coatings; have less than 1 week of stability and become at least 3 time less conductive. Sample 9 using AgAsF 6 
shows 1 week of stability, but becomes 5 time more insulative after 2 weeks. Samples 1 0 through 1 3 using AgSbF 6 or 
NOSbF 6 as the oxidant show only small change in the charge relaxation time constant indicating very high stability in 
the conductivity. The stability of the AgSbF 6 based coatings is highly reproducible as exemplified by the data for sam- 
ples 11a and 1J*a which were coated from coating solutions that had been aged two-months. The improved stability 
seen for coatings resulting from AgAsF 6 , AgSbF 6 and NOSbF 6 was unexpected and not believed to have been previ- 
ously reported. 



Table 1 . Comparative stability of m-TPD/MAKROLON (35/65) coatings. 



Sample 
NO. 


Oxidant (wt%) & 
additive (wt%) 


Charge relaxation time constant 
(millisecond) 






As 
coat- 
ed 


1 wk 


2 wk 


3wk 


4 wk 


5 wk 


6 wk 


7wk 


8wk 


1 


TTASbCI«(5%) 


0.43 


4.50 
















2 


ITA SbFs (5%) 


0.36 


2.20 
















3 


TTA-AsFe (5%) 


0.60 


3.67 
















4 


photoacid (2%) 


0.20 


0.66 


8.46 














5 


AgTFA (5%) 


0.16 


4.5 
















6 


AgTFA (4%)/l 2 (0.5 eqv. with 
respect to AgTFA 


0.41 


1.17 


270 


3.56 












7 


AgBF 4 (5%) 


2.11 


>100 
















8 


AgPF B (5%) 


0.45 


5.91 
















9 


AgAsFs (5%) 


0.21 


0.22 


1.49 














10 


AgSbFe (5%) 


0.27 


0.25 


0.37 


0.45 


0.50 


0.56 


0.70 


0.78 


0.80 


11 


AgSbFe (5%)/2-{4-biphenylyl)-5- 
phenyl oxazole (1%) 


0.25 


0.34 


0.23 


0.31 


0.43 


0.51 


0.77 


0.68 


0.95 


11a 


Same as 1 1 but from a two- 
month aged coating solution 


0.21 


0.23 


0.31 


0.43 


0.51 


0.68 


0.71 


0.84 


0.88 


12 


AgSbFe (5%)/2,5-di-t- 
Dutylpyridine (3%) 


0.36 


0.50 


0.66 


0.66 


0.63 


0.78 


0.69 


0.82 


0.89 


12a 


Same as 12 but from a two 
month aged coating solution 


0.47 


0.49 


0.54 


0.64 


0.50 


0.51 


0.75 


0.83 


0.85 


13 


AgSbFe (4%VAgTFA (2%) 


0.26 


0.18 


0.25 


0.29 


0.33 


0.49 


0.50 


0.59 


1.17 


14 


NOSbFe 


0.16 


0.11 


0.13 


0.17 


0.23 


0.24 


0.20 


0.25 


0.23 



Ail coatings were deposited from methylene chloride. Where time constant values 



are not indicated, tests were discontinued for lack of stability. 
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EXAMPLE \ V 

[0051] As shown in Table 2, samples 16 and 16a having TM-TPD as the charge transport molecules show improved 
stability over the m-TPD based sample 15 by a factor of about 2. This example illustrates that coatings resulting from 
para-substituted charge transport molecule such as TM-TPD show improved stability over non-para-substituted charge 
transport molecule such as m-TPD. It can be determined from samples 17, 18, 19 and 20 that the order of the stability 
of the coatings is TM-TPD > p-DE-TPD > p-TPD > m-TPD, indicating that the completely para-substituted compounds, 
for example, TM-TPD and p-DE-TPD, provide the most stable coatings, followed by those based the 50% para-substi- 
tuted p-TPD Coatings, such as sample 17, derived from the non-para-substituted m-TPD are least stable. Samples 21 , 
22 and 23 contain a mixture of m-TPD and TM-TPD as the charge transport molecules. It can be seen, that sample 21 
which has the highest TM-TPD percentage is the most stable of the three samples; while sample 23 which has the low- 
est TM-TPD percentage is the least stable. 

Table 2. Comparative stability of coatings having different charge transport 



molecules 



Sample 

NO. 


Charge transport 
molecule(35%)/MAKROLON 
(65%)/oxidant (2%) 
AgSbF 6 (2%) 


Charge relaxation time constant 
(millisecond) 






As 
coat- 
ed 


1 wk 


2 wk 


3 wk 


4wk 


5wk 


6wk 


7 wk 


8wk 


15 


m-TPD/AgSbF 6 


0.41 


0.37 


0.39 


0.48 


0.57 


0.78 


0.98 


1.56 


1.78 


16 


TM-TPD/ AgSbFe 
(coating dry at 100 °C) 


0.14 


0.16 


0.17 


0.19 


0.18 


0.18 


0.26 


0.25 


0.28 


16a 


TM-TPD/AgSbF 6 
{coating dry at 125°C) 


0.19 


0.22 


0.22 


0.26 


0.25 


0.24 


0.29 


0.31 


0.27 


17 


m-TPD/photoacid 


0.29 


1.60 


2.50 














18 


p-TPD/photoacid 


0.20 


0.54 


0.77 


1.45 


1.88 


3.94 








19 


p-DE-TPD/photoacid 


0.13 


0.40 


0.41 


0.49 


0.53 


0.69 


1.24 


1.34 


1.78 


20 


TM-TPD/photoacid (dried at 100 
•C) 


0.20 


0.15 


0.26 


0.30 


0.34 


0.42 


0.58 


0.66 


0.87 


20a 


TM-TPD/photoacid (dried at 125 
•C) 


0.22 


0.23 


0.31 


0.31 


0.35 


0.44 


0.53 


0.58 


0.72 


21 


m-TPD/TM-TPD (10/25) 
/photoacid 


0.21 


0.23 


0.26 


0.66 


0.40 


0.56 


0.87 


0.95 


1.34 


22 


m-TPD/TM-TPD (20/15) 


0.33 


0.37 


0.52 


0.98 


0.91 


1.23 


178 


2.78 


3.25 


23 


m-TPD/TM-TPD (30/5) 


0.50 


0.66 


1.02 


1.24 


2.48 











AH coatings were deposited from methylene chloride. 



EXAMPLE V 

[0052] This example further illustrate that para-substituted charge transport molecules show improved stability over 
non-para-substituted ones. As shown in Table 3, samples based m-TPD with PCZ 200, samples 24 through 28, had 
very poor elsctrical stabilities on the order of less than about one week. In contrast, TM-TPD based samples resulting 
from different coating solvents, samples 29 through 35, are very stable under stress condition over about 8 weeks. 
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Table 3. Comparative stability of coatings. 



Sample 
NO. 


Charge transport 
rnolecule(35%)/PCZ(65%)/p 


Charge relaxation time constant 

(millisecond) 






As 
coat- 
ed 


1 wk 


2wk 


3 wk 


4wk 


5 wk 


6 wk 


7 wk 


8wk 


24 


rn-TPD//metneylene chlonde 


0.44 


4.07 
















25 


rn-TPD/Aoluene 


0.58 


70 


- 


- 


- 


- 


- 


- 


- 


26 


rn-TPD//THF 


0.54 


6.91 
















27 


rn-TPD//chlorobenzene 


0.44 


14.9 
















28 


m-TPD//THF:chlorobenzene 

(3:1) 


0.45 


13.0 
















29 


TM-TPD//methylene chloride 


0.36 


0.30 


0.31 


0.38 


0.39 


0.41 


0.29 


0.58 


0.62 


30 


TM-TPD//THF 


0.48 


0.38 


0.43 


0.53 


0.56 


0.62 


0.84 


0.92 


0.99 


31 


TM-TPD/Aoluene 


0.50 


0.52 


0.52 


0.70 


0.77 


0.75 


0.91 


0.89 


0.93 


32 


TM-TPD//1 , 1 ,2-trichloroethane 


0.34 


0.31 


0.34 


0.43 


0.45 


0.54 


0.60 


0.63 


0.74 


33 


' rM-TP D//ch lorobenzene 


0.35 


0.33 


0.32 


0.38 


0.42 


0.47 


0.50 


0.61 


0.71 


34 


TM-TPD// 

THF:chlorobenzene (3:1) 


0.28 


0.34 


0.29 


0.26 


0.29 


0.24 


0.22 


0.21 


0.22 


35 


TM-TPD/PE200 (3%)// 
THF.chlorobenzene (3:1) 


0.35 


0.62 


0.61 


0.70 


0.60 


0.55 


0.45 


0.49 


0.51 



[0053] Other modifications of the present invention may occur to one of ordinary skill in the art based upon a review 
of the present application and these modifications, including equivalents thereof, are intended to be included within the 
scope of the present invention. 

Claims 

1 . A conductive polymer coating comprising an arylamine charge transport compound, an oxidized arylamine charge 
transport compound salt, and a polymer binder, wherein the oxidized arylamine charge transport compound salt 
has a counter anion selected from the group consisting of hexafluoroantimonate and hexafluoroarsenate. 

2. A conductive polymer coating in accordance with claim 1 wherein the arylamine charge transport compound is a 
para-substituted arylamine charge transport material. 

3. A conductive polymer coating in accordance with claim 1 wherein the oxidized arylamine charge transport com- 
pound salt comprises an oxidation product of said arylamine charge transport compound. 

4. A conductive polymer coating in accordance with claim 1 wherein the arylamine charge transport compound is 
selected from the group consisting of those represented by the formulas: 
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and 



wherein Ar, Ar', and Ar" are independently selected from unsubstituted and substituted aromatic groups with from 
6 to 30 carbon atoms, and R 1t R 2 , R3, RV, R2'. and R 3 ' are independently selected from the group consisting of 
hydrogen, bromine, chlorine, fluorine, alkyl groups with from 1 to about 24 carbon atoms, and alkoxy groups with 
from 1 to about 24 carbon atoms, Z is selected from the an atom O, S, Se, or substituent -CH 2 -, G is an alkaline 
group wrth 1 to about 12 carbon atoms or a group selected from the partial formulas: 

lot -d b <!p xxx 96 




9 9 "V* 

and 

whereir n' is an integer from 1 to about 12, and R and R' are alkyl groups with 1 to about 12 carbon atoms. 
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A conductive polymer coating in accordance with claim 1 wherein the arylamine charge transport compound is 
selected frcm the formulas, and mixtures thereof: 

a) arylcliamine compounds of the formula: 




wherein Ar is a substituted or unsubstituted aromatic group, R 1p R 2 and R 3 are independently selected from 
the grcup consisting of hydrogen, bromine, chlorine, fluorine, alkyl groups with from 1 to about 24 carbon 
atoms, and alkoxy groups with from 1 to about 24 carbon atoms, and Z is selected from an atom O, S, Se, or 
methylene substituent -CH 2 -; 
b) aryltriamines compounds of the formula: 
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and 

wherein Ar and Ar' are independently selected from substituted and unsubstituted aromatic groups, R is 
sel€!Cted from hydrogen, phenyl and alkyl groups containing 1 to about 12 carbon atoms, and wherein i and j 
are integers of 1 to about 2; 
c) aryltetraamines compounds of the formula: 




Ar^Af 
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and 



wherein Ar, Ar', and Ar" are independently selected from substituted and unsubstrtuted aromatic groups, p-Ar 
and p-Ar' are independently selected from para-substituted aromatic groups, R is selected from hydrogen, phe- 
nyl and alkyl groups containing 1 to about 1 2 carbon atoms, i, j, and k are integers 1 or 2, G is an alkaline group 
with 1 to about 12 carbon atoms or a group selected from the partial formulas: 

-tot. -d b ip xcr 96 




EP 0 910 099 A1 

-0*0- -O s O- TO -Qi-OirO- 
_^ KCH=CHH Q_£)_ CH=cttH Q — 0|r0 — O^O- 

-C«H=CH^>-pKCH=CH-Q- _Q^h-CH-Q- 
R R 

and 

wherein n' is an integer from 1 to about 12, and R and R' are alkyl groups with 1 to about 12 carbon atoms; 

d) arylpentaamines compounds of the formula: 

wherein Ar, Ar 1 , Ar", and AT' are independently selected from substituted and un-substituted aromatic groups, 
and i, j, k, and I are integers of 1 or 2; and 

e) arylhexaamines compounds of the formulas: 
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AT. Ar- 




and 



wherein Ar and Ar' are independently selected from substituted and unsubstituted aromatic groups, p-Ar and 
p-Ar' are para-substituted aromatic groups, i, j, and k are integers of 1 or 2, G is a alkaline group with 1 to about 
12 carbon atoms or an aromatic group of the formulas: 

-tot -b b c^o xxy 96 
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-CH> -0*0- -{Qt -OHDlr€- 






,CH 3 
^CH 3 




and 



whorein n' is an integer from 1 to about 12, and R and FT are alkyl groups with 1 to about 12 carbon atoms. 

6. A conductive polymer coating comprising a para-substituted arylamine charge transport compound, and an oxidi- 
zation product of the para-substituted arylamine charge transport compound and an oxidizing agent or salt. 

7. An eleclroluminescent device comprised of a conductive polymer coating of claim 6, wherein said coating is a thin 
film electrode or a contact modification layer, and wherein the coating facilitates charge injection. 

8. A process for the preparation of a conductive polymer coating comprising: 

mix ng an arylamine charge transport molecule, and oxidant, optional additives and a polymer binder in a sol- 
vent to produce a coating mixture; 

depositing the conductive polymer coating solution mixture on a substrate; and drying the coated substrate. 

9. A process in accordance with claim 8, wherein the arylamine charge transport molecule is a para-substituted 
arylamine charge transport compound, and wherein the oxidant is selected from the group consisting of: chemical 
oxidants including ionic salts, Bransted acids, halogens, Lewis acids, and mixtures thereof; photo-oxidants includ- 
ing diphenyliodonium salts and diarylsulfonium salts; and electro-oxidation. 

10. A printing machine comprising an imaging member comprising a conductive coating in accordance with claim 1 . 
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